Bandji is a traditional palm wine obtained by fermenting the sap of the palm tree Borassus akeassii in Burkina Faso (West Africa). A recent study on the microbiology of Bandji revealed that various yeasts, and lactic and acetic acid bacteria are involved in the fermentation (Ouoba et al., 2012). During this study, two isolates (YAV16 and YAV17 T ) presenting yeast characteristics were isolated on YPM agar (Amoa-Awua et al., 2007) intended for the isolation of acetic acid bacteria. The isolates were recovered from a palm wine sample obtained from a local seller in the town of Bobo Dioulasso (Ouoba et al., 2012). Preliminary phenotypic and genotypic investigations revealed that the isolates are different from the known common yeasts and represent a potential novel yeast species. This manuscript describes the phenotypic and genotypic characterization of the novel yeast species.
Investigation of the microbial diversity of Bandji, a traditional palm wine from Burkina Faso (West Africa) revealed the presence of two yeast isolates (YAV16 and YAV17 T ) with unusual phenotypic and genotypic characteristics. The isolates divide by bipolar budding with no production of ascospores. Phylogenetic analysis of concatenated sequences of the 26S rRNA gene D1/D2 and internal transcribed spacer (ITS) regions indicated that the novel species was most closely related to Kloeckera lindneri and Hanseniaspora valbyensis. Bandji is a traditional palm wine obtained by fermenting the sap of the palm tree Borassus akeassii in Burkina Faso (West Africa). A recent study on the microbiology of Bandji revealed that various yeasts, and lactic and acetic acid bacteria are involved in the fermentation (Ouoba et al., 2012) . During this study, two isolates (YAV16 and YAV17 T ) presenting yeast characteristics were isolated on YPM agar (Amoa-Awua et al., 2007) intended for the isolation of acetic acid bacteria. The isolates were recovered from a palm wine sample obtained from a local seller in the town of Bobo Dioulasso (Ouoba et al., 2012) . Preliminary phenotypic and genotypic investigations revealed that the isolates are different from the known common yeasts and represent a potential novel yeast species. This manuscript describes the phenotypic and genotypic characterization of the novel yeast species.
The phenotypic characterization of the isolates included a wide range of experiments and was performed according to standard protocols described by Kurtzman et al. (2011) . The broth and agar used were mainly YM broth , pH 5.6), V8 and malt agars and broths (Robert et al., 2008) were additionally used for some experiments such as those related to the production of spores. The incubation temperature for all tests was 25 8C except for the 30, 37 and 40 8C growth tests. Cell size was measured after 2 days of growth at 25 8C in YM broth. Spore formation was screened on YM, V8, and 5 % malt and acetate agars incubated for 4-28 days. For all other tests, observations were done 2-3 days, 1 week, 2 weeks, 3 weeks and 4 weeks after inoculation. Carbohydrate assimilation and fermentation patterns were determined according to the methods of Kurtzman et al. (2011) . Additionally, the protocol of Yarrow (1998) and the API ID32C/API 50 CH identification kits (bioMérieux) were used.
After an incubation time of 2-3 days at 25 8C on YM agar, the colonies of the new isolates were creamy-white, glossy and smooth with a regular margin. The cells measured 3-7 mm65-21 mm and 3-6 mm66-14 mm when grown on agar and in broth, respectively. They were lemon shaped, individual, in pairs and also in clumps. The sporulation experiments revealed that the new isolates do not produce asexual (ballistospores, arthrospores, endospores, chlamydospores) or sexual spores (ascospores, teliospores). Reproduction was by bipolar budding. With regard to the fermentation and assimilation of carbon compounds, only glucose was fermented, whereas glucose, D-fructose, D-mannose, cellobiose, salicin, gluconolactone, aesculin, arbutin, cycloheximide, gentiobiose, amygdalin, maltose and trehalose were assimilated. The assimilation of maltose and trehalose was weak and occurred after 7-21 days. The new isolates were able to use ethylamine, cadaverine, lysine and (NH 4 ) 2 SO 4 as sole sources of nitrogen. Further details of the phenotypic characteristics of the novel species are depicted in Table 1 , Fig. 1 and the species description.
For molecular characterization, sequencing of the 26S rRNA gene (D1/D2 region) and ITS1-5.8S rRNA gene-ITS2 region was performed as described by Jespersen et al. (2005) . The D1/D2 and ITS1-5.8S rRNA gene-ITS2 regions were amplified using primers NL-1 (59-GCATATC-AATAAGCGGAGGAAAAG-39)/NL-4 (59-GGTCCGTGT-TTCAAGACGG-39) and ITS1 (59-TCCGTAGGTGAACC-TGCGG-39)/ITS4 (59-TCCTCCGCTTATTGATATGC-39), respectively. After purification (QIAquick PCR Purification kit, Qiagen), the PCR products were sequenced (Source Bioscience, Cambridge, UK) in both directions using the same primers. The sequences were aligned with the CLC Main Workbench 7.6 software (CLC Genomics) and compared with D1/D2 and ITS sequences in the GenBank database using the BLAST algorithm (Altschul et al., 1997) . For phylogenetic analyses, the D1/D2 and ITS sequences of members of the putative novel species and other species of the genus Hanseniaspora were first aligned and concatenated. The concatenated sequences were used to reconstruct a phylogenetic tree by the neighbour-joining method using the MEGA6 software (Tamura et al., 2013) .
The new isolates and type strains of other species of the genus Hanseniaspora were also characterized genotypically by repetitive palindromic PCR (rep-PCR) using primer GTG5 (59-GTGGTGGTGGTGGTG-39) as described by Ouoba et al. (2012) T are clearly different from the other species of the genus Hanseniaspora and placed the isolates next to K. lindneri, H. valbyensis and Hanseniaspora singularis, with K. lindneri and H. valbyensis being the most closely related species (Fig. 2) . The rep-PCR fingerprints of YAV16 and YAV17
T clustered together and were visibly distinct from those of the most closely related yeasts and other species of the genus Hanseniaspora, confirming the uniqueness of the new isolates (see Fig. S1 available in the online Supplementary Material).
The results obtained in the present study indicate that isolates YAV16 and YAV17
T are genetically and phenotypically different from all currently known yeast species with K. lindneri and H. valbyensis being the most closely related species. Phenotypically, YAV16 and YVAV1
T can be differentiated from K. lindneri by some characteristics (Table1) such as their ability to utilize trehalose and maltose. They can be differentiated from H. valbyensis by, for example, their asexual life cycle and their inability to ferment cellobiose and to grow in the presence of 50 % glucose. Genetically, YAV16 and YAV17
T can be differentiated from K. lindneri and H. valbyensis by 12 and 16 base pairs in the D1/D2 region and 45-46 and 46 base pairs in the ITS1-5.8S rRNA gene-ITS2 region, respectively. The rep-PCR fingerprints of the new isolates are also clearly distinguishable from those of the other species of the genus Hanseniaspora.
The current study indicates that isolates YAV16 and YAV17 T represent a novel species that belongs to the genus Hanseniaspora. Since 1 January 2013, the new nomenclature code for yeast does not allow a dual classification for asexual 100 100 100 100 and sexual forms of the same group of related species (Hawksworth, 2011; Hawksworth et al., 2011) . Thus, the novel species is included in the genus Hanseniaspora instead of the genus Kloeckera (former Hanseniaspora anamorph). The name Hanseniaspora jakobsenii sp. nov. is proposed, with strain YAV17
T being the type strain.
Description of Hanseniaspora jakobsenii Ouoba, Diawara & Sutherland sp. nov.
Hanseniaspora jakobsenii (ja.kob.sen9i.i. N.L. masc. gen. n. jakobsenii of Jakobsen, named in honour of Professor emeritus Mogens Jakobsen for his considerable contribution to the valorization of African fermented foods and a better understanding of their microbial diversity).
After 2-3 days of growth at 25 uC in YM broth, cells are lemon-shaped (3-6 mm|6-14 mm) and occur singly, in pairs and in groups. Reproduction is by bipolar budding. In broth, growth is associated with a non-flocculent deposit and a white incomplete ring. T ) is the holotype of Hanseniaspora jakobsenii (MycoBank number MB 805785). The strain was isolated from palm wine in Bobo Dioulasso, Burkina Faso. The culture is conserved by freezing and/or lyophilization.
